Even though several laboratories carry out pesticide residue analysis in cured tobacco leaf routinely, very little has been published on the fate of pesticides during the tobacco growing period and subsequent curing. Some, though scanty, information is available on the rate of pesticide applied and the residue in green and cured leaf (1, 3, 5, 7, 9) . However, the information available is not enough for a proper understanding of what happens to the pesticide from the time it is applied to the tobacco plant to the time when tobacco leaf is finally cured. In our previous paper (2) we described the fate of endosulfan I, endosulfan 11 and endosulfan sulfate in green tobacco leaf. This work is an extension of those investigations, and consists of a comparison between the endosulfan I and 11 and endosulfan sulfate residues in tobacco leaf at the time it is harvested, and the time when it is finally cured.
EXPERIMENTAL

Material and Methods
Tobacco, variety Coker 347, was planted on May 10, 1973 in a field at Chinqua Penn, North Carolina. On July 10, 1973 the plants were separately treated with 0.75 lb./acre and 1.50 lbs./acre of endosulfan I, endo~ sulfan 11 and endosulfan sulfate. For studies on the metabolism of endosulfan I and 11 and endosulfan sulfate in green leaf, tobacco leaves from the middle of the plants were harvested on August -4, 13 and 23, 1973 (5, 14 and 24 days after the pesticide treatments), and endosulfan• and its metabolites were estimated according to the methods developed by Domanski and Sheets (4) and NesemAnn and Seehofer (8) . A detailed description of these operations is given in our previous publication (2).
• Bued oo 1he paper "M01~bolis111 of eodosulf.,. I, endosulf.,. 11 For studies into the fate of endosulfan I and 11 and endosulfan sulfate in flue·cured tobacco leaf, leaves from the same tobacco plants used in the previous study were harvested conventionally on August 13 and 22, and September 6, 1973 (14, 23 and 37 days after the pesticide treatments) and flue·cured according to the estab~ lished commercial practices. We attempted to make '"average commercial" cured tobacco leaf samples by thoroughly mixing 10 lbs. each of cured tobacco leaves harvested on August 13 and 22, and September 6, 1973 for any particular treatment. Samples from these mixtures were powdered and analyzed for endosulfan I and 11 and endosulfan sulfate according to the method described above. As very little of other metabolites· of endosulfan, such as endosulfan diol, endosulfan ether, endosulfan hydroxyether, and endosulfan lactone, Was found in the cured tobacco leaf samples, their estima~ tions were not carried out. Endosulfan and its metabolites in tobacco leaf were identified by their retention time and by co·chromato-graphing them with authentic reference substances on two different columns (2) . In addition, the presence of endosulfan I and endosulfan sulfate in the green leaf of all the three 1.50 lbs./acre pesticide treatments har~ vested on August 23, and the presence of endosulfan 11 in the green tobacco leaf from 1.50 lbs./acre endosulfan 11 treatment tobacco harvested on August 23 was confirmed by comparing their retention times and mass spectra on a Finnigan F3100 GC/MS with that of pure reference compounds.
RESULTS
The results of the quantitative estimations of endosulfan I und 11 and endosulfan sulfate are given in Tables 1  and 2 . In Table 1 the results given are on the residues in green tobacco leaf, and are calculated on the basis of 12 'lo moisture content. In our previous paper (2) we reported the same results, in the form of a graph, calcu~ lated on the basis of SO 0 /e moisture content, In Table 2 results are given on the residues in both the green leaves harvested on August 23, 1973, and the cured DOI: 10.2478/cttr-2013-0443
leaves. 11ley are both based on 12 1 /o moisture content, and a comparison is made between the residue levels in the green leaf and the cured leaf.
DISCUSSION
Comparison between the nature and the amounts of endosulfan I and 11 and endosulfan sulfate in the green leaf and cured leaf is an interesting study. For quantitative comparison purposes we have made two assumptions:
[1] We have assumed that the combined residue levels in the flue-cured leaf of any particular treatment, at the time it was harvested, average the residue levels in green tobacco leaf _harvested on August 24, 1973. We have based our assumption on the fact that the change in the residue level in green leaf between August 13 and August 22 is very similar to that between August 22 and September 6. Since equal amounts of cured tobacco were taken from leaf harvested on August 13 and 22, and September 6, the average residue level in the combined cured tobacco leaf for any particular treatment is equal to that of residue levels on Aug. 13 + Aug. 22 + Sept. 6 divided by 3.
(14+23+37)/3 days after pesticide treatment = 24.66 days after pesticide treatment (average) = August 23.66.
[2] Our second assumption is that since the cured tobacco was made up of tobacco leaf from all parts of the plant, the average pesticide level in the tobacco leaf used for flue-cured tobacco vras not very different from the middle plant leaf harvested on August 23, 1973 for endosulfan and metabolite residue analyses in green tobacco leaf. This assumption is consistent with the work done by Corbaz et al. (3) and Dorough and eo-workers (5). Corbaz et al. found that the residue level of Patoran in tobacco leaf is independent of the leaf position, whereas, the Molipan residues were higher in the lower tobacco leaves, and lower in higher tobacco leaves; while Dorough and eo-workers found that endosulfan levels in tobacco leaf, 28 days after the application of pesticides, were the same in top, middle and bottom leaves of the tobacco plant. A study of the residue levels reported in Tables 1-and 2 shows that in endosulfan sulfate treatments"" the principal metabolic product in green leaf is endosulfan I, found in very small quantities. No endosulfan 11 is formed in detectable quantities; whereas, when this same leaf is flue-cured, the residue pattern is reversed. It may thus be seen that in green leaf endosulfan sulfate is metabolized into endosulfan I, while during curing processes endosulfan sulfate is metabolized into endosulfan 11. 111is conversion of endosulfan sulfate into endosulfan 11 during curing is also seen in other treatments; for
• E11do1alf...,_ 1ulbte i11 ltlldDflllfall rulfat~treaced cobae«> leaf i1 not considered u a mecabolite.
instance, in 0.75 lb./acre endosulfan I treatment (see Table 2 ) the total endosulfan level in green leaf and cured leaf is about the same. However, the amounts of endosulfan 11 and endosulfan sulfate in green leaf are 0.08 ppm and 0.90 ppm, and in cured leaf 0.46 ppm and 0.70 ppm, respectively. A similar conversion of endosulfan sulfate into endosulfan ll may also be seen, during the curing processes, in 1.50 lbs./acre endosulfan I treatment.
The reduction of sulfate into sulfite in whole tobacco leaf has been previously reported (6) . However, our report is, to the best of our knowledge, the first in which the formation of such different reduction products during growing and curing periods in tobacco leaf appears. lt is reasonable to assume that the stereoselective conversion of endosulfan sulfate into endosulfan I in the green tobacco leaf is catalyzed by an enzyme which is destroyed soon after the tobacco leaf is harvested, and that endosulfan sulfate is subsequently converted nonenzymically or by less dominant enzyme in the harvested leaf into endosulfan 11. we worked with pure endosulfan I and 11 and endo· sulfan sulfate, while Dorough and eo-workers worked with commercial endosulfan.) Thus, we can see that the higher the residue level of pesticide in tobacco leaf the higher the loss of pesticide during the curing process. Also, since very little of other endosulfan metabolic products was found in cured leaf, we conclude that the loss of endosulfan I and 11 a:nd endosulfan sulfate residues during the curing process is mainly due to volatil· ization. This conclusion is consistent with the work done by Chtng and Steffens (1) , who found that with the nonVolatile maleic hydrazide, the 'loss of maleiC hydrazide in tobacco occurred only during the growing period. Lastly, Table 2 shows that of the three .compounds, endosulfan I gives the least amount of residue in cured tobacco leaf. This finding ill itself may be of some commercial value.
SUMMARY
Tobacco plants were separately treated with 0,75 lb./acre and 1.50 lbs./acre of endosulfan I, endosulfan 11 and endosulfan sulfate. Leaves from the tobacco plants were analyzed for endosulfan and its metal?olites at the har- • vesting Stage, and later, when flue-cured. From the residue data obtained we conclude that [1) In green tobacco leaf endosulfan I, found in very small amounts, is the only metabolite of endosulfan sulfate, and that endosuJfan 11 is the main endosulfan sulfate metabolite in flue-cured tobacco leaf; [2] The loss of residues during the curing process depends largely on the residue level of this pesticide in the green tobacco leaf; [3] The loss of pesticide during the curing process is mainly due to volatilization; and [ 4] Smallest amounts of residues are lefl: in tobacco leaf with endosulfan I treatments. (2] que la perte de rCsidus durant le processus de s&hage depend a un haut degr6 du niveau de residus de ce pesticide dans la feuille verte du tabac, [3) que la perte de pesticide durant le processus de sechage est due principalement a la volatilisation et [4] qu'il reste les plus petites quantitCs de r&idus dans la feuille de tabac lorsqu'elle a subi des traitements a l'endosulfan I.
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